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RESEARCH AND TECHNOLOGIC WORK ON EXPLOSIVES, 
EXPLOSIONS, AND FLAMES: FISCAL YEAR 1959-/ 


by 


Ruth F. Brinkley2/ and Robert W. Van Dolah2/ 


SUMMARY AND INTRODUCTION 


This circular summarizes the research and technologic activities and pub- 
lications of the Federal Bureau of Mines Division of Explosives Technology4/ 
during fiscal year 1959 (July 1, 1958-June 30, 1959). 


Part I briefly describes the programs that were active during the report 
period and presents a summary of some of the information not published else- 
where, In many instances the results are only preliminary and are subject to 
revision on the basis of continuing investigations, Detailed reports of all 
programs not security classified will be made later. 


Part II lists and describes briefly the publications of the Division 
during fiscal year 1959, If the published material has some bearing on activ-~ 
ities still current during the report period, this is indicated by references 
in Part I, 


1/ Work on manuscript completed February 1960. 

2/ Technical assistant, Office of the chief, Explosives Research Laboratory, 
Bureau of Mines, Pittsburgh, Pa. 

3/ Physical science administrator, chief, Explosives Research Laboratory, 
Bureau of Mines, Pittsburgh, Pa. 

4/ Now designated Explosives Research Laboratory, (Bureau of Mines Manual 
Release 361, July 20, 1959.) 
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PART I - RESEARCH AND TECHNOLOGIC ACTIVITIES 


Explosion, Flame, and Combustion Research 


This program pursues two main lines of inquiry, the one leading to a 
better understanding of the mechanisms associated with the combustion and 
explosion of flammable gases and volatile liquids; the other designed to 
provide information on the flammability and explosibility of individual gases 
and vapors, expecially those of industrial and military interest. The results 
can be applied in preventing fires and explosions in operations involving 
these materials and in the safer and more efficient utilization of liquid and 
gaseous fuels, 


The activities of the program include: 


1, Studies of combustion reactions in gases and volatile liquids, rang- 
ing from slow oxidation to detonation, 


2. Experimental and theoretical investigations of various forms of igni- 
tion in the gas and vapor phases, 


3. Research on hazards associated with production, storage, and utiliza- 
tion of potentially flammable gases and liquids, 


4. Methods for determining the flammability characteristics of gases 
and vapors (spontaneous ignition temperature, upper and Lower limits of flamma- 
bility). These methods are developed and applied to combustible gases and 
liquids under conditions of temperature, pressure and concentration correspond- 
ing to those encountered in modern industrial and military operations (1 2).3/ 


Combustion Studies 


A long-term program was concluded on the fundamentals of turbulent flames 
under the sponsorship of the Office of Scientific Research (Department of the 
Air Force). Earlier studies were continued on turbulent flame structure and 
burning (3). A significant relationship was found to exist between the scale 
of turbulence and the turbulent burning velocity; this information will find 
application in the design of combustors with improved space-heating rates, 


The Bureau completed a study on the performance of gas burners in terms 
of appliance design and environment, The study extended earlier findings for 
flames on monoport burners in free air to flames on multiport burners operat- 
ing within an appliance, This completes another phase of the extensive inves- 
tigations, conducted over the past 10 years in cooperation with the American 
Gas Association (A.G.A.), into factors affecting the stability of burner 
flames under a wide variety of conditions of gas composition and flow (4). 
Another investigation of interest to the gas industry on the mechanisms of 
smoking flames was continued in cooperation with the A.G.A. (5). A study of 


5/ Underlined numbers in parentheses refer to publications in Part II, 
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carbon formation in very rich hydrocarbon flames (6) in cooperation with the 
same organization, yielded new information on the thermal and chemical config- 
uration of the carbon-forming region of such flames. Assistance was also 
given the A.G.A. in setting up a research project on gas appliances using 
liquefied petroleum gases, This project was to be carried out at the Cleve- 
land laboratories of the Association, 


Scale studies of diffusional flames applicable to fires involving large 
shallow pools of combustible liquids (such as occur in spillage of liquid 
fuels) were continued with the sponsorship of the Wright Air Development 
Center (Department of the Air Force). Trays containing various typical fuels 
were used to extend scaling factors to heat-transfer processes and to define 
the role of environmental conditions such as air currents and wind, 


To complete information obtained in previous studies on the properties 
of laminar flames, the effect of pressure on the burning velocity of such 
flames was measured in a newly designed 8-inch-diameter spherical bomb with 
a safe pressure rating of 3,500 p.s.i. 


An exploratory study of flames of a typical automobile exhaust mixture 
formed during idling showed that a diffusion flame has wider stability limits 
than a premixed flame, This information will be applied in a current air- 
pollution research program sponsored by the Department of Health, Education 
and Welfare to investigate the feasibility of a noncatalytic afterburner based 
on diffusion combustion, 


Ignition Studies 


Considerable progress was made in research sponsored partly by the Office 
of Naval Research (Department of the Navy) to obtain information on the igni- 
tion of flammable atmospheres by hot gases traveling through narrow channels 
(7 89 1011). This problem is closely related to ignition in various combus- 
tion chambers, to firedamp ignition by borehole shots, and to explosions in 
electric housings. Photographic studies of explosions propagating through 
narrow channels showed that transmission of flame is not essential for igni- 
tion; hot gases from a quenched explosion can ignite cold combustible gases 
at the exit of the channel. A systematic study of ignition by hot laminar 
jets was made to observe the effect of jet diameter and contact time on the 
ignition temperature, 


The problem of ignition of combustible gases by static electric sparks 
continued to receive attention, An investigation into the effects of a series 
resistance on the ignition energy required (12) gave further evidence to sup- 
port the thermal nature of this type of ignition, Some consideration was 
given to the use of a high-speed switch for initiating the timing circuit and 
the spark itself, to be substituted for the more complex auxiliary setup of 
the high-speed oscillograph (13). 


A motion picture based on Bureau research into electrostatic spark igni- 
tion of flammable anesthetics was produced and released with the support of 
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the Abbott Laboratories and in close collaboration with the School of Medicine 
of the University of Pittsburgh .6/ 


The Bureau conducted a very limited study of decomposition and flammabil- 
ity limits of dilute solutions of monochloroacetylene in mixed vinyl and vinyl- 
idine chlorides (1:4 ratio) in cooperation with the Ethyl Corp.; monochloro- 
acetylene is known to be extremely reactive to air in the pure form, but its 
sensitivity in dilute solutions was unknown. Mixtures containing 50 volume- 
percent of air are nonflammable up to 21 percent monochloroacetylene; the 
latter mixture is flammable, Mixtures containing 23 to 78 volume-percent 
monochloroacetylene did not ignite spontaneously upon addition of air at room 
temperature, but adding air to pure monochloroacetylene down to pressures of 
20 mm. Hg absolute resulted in spontaneous ignition. The limiting concentra- 
tion was not determined, 


Investigation of the flammability and detonability of pinane-oxygen mix- 
tures was completed in cooperation with the American Cyanamid Co. to provide 
safety information applicable in industrial oxidation processes using fuel- 
oxygen mixtures. Under the experimental conditions employed, mixtures contain- 
ing 3 to 12 percent pinane could be detonated at 160° C, and an initial pres- 
sure of 1 atmosphere; at the same temperature and pressure, the limits of 
flammability of pinane in oxygen are 0.7 and 43.0 volume-percent. 


Flammability limits of mixtures of ethylene and ethylene oxide were deter- 
mined at room temperature and pressure in cooperation with Vulcan-Cincinnati, 
Inc, Under these conditions the lower limit of flammability in air ranges 
from 3.0 to 3.6 volume~-percent for all mixtures; the upper limit is between 
36.3 percent (pure CoH,) and 100 percent (pure C2H,0). 


An investigation was initiated under the sponsorship of the Atomic Energy 
Commission (AEC) to study the effect of irradiation on the ignition tempera- 
ture of organic reactor moderators and coolants, 


As in other years, flammability characteristics were determined for a 
number of other potentially hazardous gases and volatile liquids; table 1 
gives some particular values, 


Investigation of gas explosion disasters and potentially hazardous situa- 
tions was continued as requested by industries and civil authorities. In add- 
ition to a number of small-scale local incidents, two major investigations 


6/ This film, entitled "Fire and Explosion Hazards With Flammable Anesthetics" 
has received a number of awards including the Bucranio di Bronzo at the 
IV International Exhibition of the Scientific-Didactic Film, 1959 Inter- 
national Film Festival, Venice, Italy; the Gold Certificate for educa- 
tional films from the American College of Surgeons, Atlantic City, 
September 1959; and a second prize from the Biological Photographic 
Association, 
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were made--one for a steel producer after an explosion in a waste-gas stack; 
the other for an oil company on the origin of an explosion in an oil-refinery 
dephlegmator .// 


TABLE 1. - Limits of flammability and spontaneous ignition 
eratures (S,I.T.) determined in air 


Pressure, Time / 
Compound (atm. |S&.1.T.| lag Limits, volume-p ercent 
abs .). )} (sec.) Lower Upper 


Noheptane,....ccsscccsccees 
2-2-4, trimethylpentane.... 
N“MECANE, cecccccccsccccccs 
N7OCCANE. ..cccccccccccscves 
BEnZeMe, wcccccccccccccccer 
Trichloroethane......ccces 
Methylene chloride........ 
S-picoline.,...ccccccccccce 
t-butyl alcohol.........0. 
Dimethyl decalin.......... 


1.85 (150° C.)}9.3 (150° C.) 


Diethylcyclohexane,....... 
ADULING cseciet-c ee aw eee sees 
Om PIN ANG 66665-60665 ee cakes 
Methyl styrene......cccces 
Methyl ethyl ketone 
PCTOLlde . 6. cbsnSs wir eee ee 
Diethyl aniline........... 
Cobalt nuolate....cccccsee 


1/ Determined at ambient temperature unless otherwise indicated, 
2/ Lower temperature limit. 


8.3 


a cl a on i el coll oll oo oo oo oll oo ol ol oe 


Research on Explosion Hazards in Operations Involving 
Flammable Gases and Liquids 


An investigation is in progress under the sponsorship of the Wright Air 
Development Center (Department of the Air Force) to obtain information on the 
potential explosion hazards in large-scale operations with liquid hydrogen, 
which is of interest as a high-energy fuel, The Bureau developed new tech- 
niques to meet the problems associated with explosibility studies at the un- 
usually low temperatures of liquid hydrogen and applied the techniques in 
model studies on hydrogen fireballs, The resulting information is applicable 
in establishing the magnitude of the fire and explosion effects anticipated 
should accidental spillage of liquid hydrogen occur, It will be used to cal- 
culate quantity-distance tables for the safe storage of this material. 


7/ Zabetakis, M. G., Explosion in Dephlegmator at Cities Service Oil Company 


Refinery, Ponca City, Okla., 1959: Bureau of Mines Rept. of Investiga- 
tions 5645, 1960, 16 pp. 
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Investigation was completed into the problem of removing residual fuel 
vapors from fuel tanks by forced drafts of hot air. The investigation was 
sponsored by the Bureau of Ships (Department of the Navy). Gas-freeing tests 
were conducted in a 1,000-cu.-ft. test tank with several combinations of inlet 
and outlet air ports; research workers determined the time required to reach 
the upper and lower flammability limits of 20 volume-percent gasoline-air 
mixtures, 


Special consideration was given to the explosion hazards created by fuel 
mists and foams while loading tanks, to investigate the safety characteristics 
of kerosine, jet fuel, and motor gasoline, performed in cooperation with the 
Cities Service Research and Development Corporation, Various concentrations 
of inert gas were used effectively to reduce the flammability of the different 
fuel-air mixtures, 


Determination of Flammability Characteristics 
of Individual Compounds 


In continuing work on explosion hazards of aircraft fuels and hydraulic 
fluids, begun under the sponsorship of the Wright Air Development Center 
(Department of the Air Force) in 1950, the Bureau measured spontaneous igni- 
tion temperatures, ignition delays, and limits of flammability for 12 ther=- 
mally stable fuels, Hazards of aerodynamic heating of emptied fuel tanks con- 
taining small amounts of fuel also were investigated, 


In a new program for the Office of Naval Research (Department of the Navy) 
to study fire and explosion hazards of new liquid propellants, spontaneous ig- 
nition temperatures and minimum electrostatic spark ignition energies were de- 
termined for aniline and unsymmetrical dimethylhydrazine in various oxidizing 
atmospheres, 


Explosives Research and Testing 


The program on explosives provides information for the explosives industry 
in developing safer and more efficient explosives, and related equipment for 
blasting in coal mines and in other industrial and military operations ,8_9 
This is accomplished through: 


1. Applied research on the properties of explosives compositions and 
potentially explosive chemicals coupled with the development of new procedures 
and techniques for evaluating these properties, 


2. Fundamental research on initiation and detonation processes, 


8/ For a brief general discussion of these materials see Van Dolah, R. W., 
Explosives; ch. in Marks' Mechanical Engineers Handbook: McGraw-Hill 
Book Co., New York, N. Y., 6th ed., 1958, pp. 7-38 to 7-41, 

9/ For a more detailed discussion see Damon, G. H., Chemical Engineering in 
the Explosives Industry; ch, in Chemical Engineering in Industry: 
AICE, New York, N. Y., 1958, pp. 136-159, 
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3. Testing under provisions of established schedules of new and modified 
permissible explosives and blasting devices; and of field samples to evaluate 
the safety of production lots of permissible explosives, 


Applied Research 


Reflecting the rapid advances in "do-it-yourself" (field-mixed) blasting 
agents, based on fertilizer-grade ammonium nitrate sensitized with fuel oil, 
research on the safety characteristics of these compositions continued ac- 
tively (14). The sensitivity of these compositions was evaluated, with em- 
phasis on the role of the physical characteristics of the nitrate (prilled, 
flaked, powdered, coated, uncoated). 


Recognizing growing interest in the use of fuel-sensitized ammonium ni- 
trate for underground blasting, the Bureau began a study of the toxicity of 
the fumes from these compositions and the propagation of detonation in small- 
diameter charges, 


An earlier study of the role of the borehole freespace in the ignition 
of firedamp by permissible explosives (15) was extended to include a number of 
other factors, Statistical analysis of data from more than 3,200 shots at the 
Bureau's large explosives test gallery (gallery 1, Bruceton, Pa.) showed that 
the gas content of the gallery, the weight of the explosive in the cannon, and 
the freespace in front of the explosive charge are all significant in deter- 
mining the probability of an ignition of the gallery atmosphere by a cannon 
shot. 


The Bureau, in cooperation with the Institute of Makers of Explosives, 
made significant advances in establishing the effect of inclusion of sodium 
chloride in American permissible explosives by applying statistically designed 
experiments (16), As a result of this investigation, the safety of a number 
of permissible brands was improved by adding 10 percent sodium chloride ,10/ 


In cooperation with the Commercial Solvents Corp., the Bureau continued 
studies to evaluate the sensitivity to shock of systems formed by nitromethane 
with various process materials that are soluble in it, The principal proce- 
dure used in this work was a modification of the card-gap sensitivity test 
developed earlier for this purpose (17). The thermal stability of these sys- 
tems was also investigated, 


The card-gap method was also applied to measure the sensitivity of a 
50:50 mixture of nitroglycerin and ethylene glycol dinitrate. This mixture 
will be used as a reference material in other sensitivity measurements for the 
Department of the Navy. More generally, it can serve as a convenient refer- 
ence for all commercial explosives investigated by the Bureau, Card-gap sen- 
sitivity measurements were also made on monochloroacetylene in cooperation 
with the Ethyl Corp.; under the specific test conditions used (l-in. steel 


10/ At the American Mining Congress (Cleveland, Ohio, May 11-14, 1959) E. L. 


du Pont de Nemours and Co, announced that all their permissible grades 
have now been modified by the addition of sodium chloride, 
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line), a solution of 10-percent monochloroacetylene in a mixture of vinyl and 
vinylidine chlorides released considerable energy but did not propagate deton- 
ation, The Bureau began a study of the safety characteristics of several po- 
tentially hazardous compounds in cooperation with Merck and Co, 


The Bureau performed security-classified research on rocket fuels and pro- 
pellants for the Departments of the Army and of the Navy, for General Electric 
and for the Thiokol Chemical Corp.LL/ In connection with one of these proj- 
ects, a miniaturized card-gap sensitivity-test configuration was developed, 


Fundamental Explosives Research 


A program of wide interest and applicability concerns mechanisms involved 
in the transition from deflagration to detonation, Of great importance in the 
safety of permissible explosives, this transition may also occur in a solid 
propellant rocket motor, Initially sponsored by the Department of the Navy, 
the investigation was continued under the sponsorship of the Advanced Research 
Project Agency (Department of Defense), Considerable progress was made in de- 
veloping a resistance-wire technique for continuously observing the progress 
of the reaction front at the core of the detonating solid charge. This tech- 
nique, in which the advancing reaction shorts-out elements of a resistance, is 
also being applied, with high-speed photography, in a study of the mechanism 
of initiating detonation in the card-gap test used extensively in evaluating 
the sensitivity of explosive substances, 


Preliminary studies of detonations in gaseous mixtures (sponsored by the 
Department of the Army) showed that detonations of the hydrogen-oxygen system 
are slowed by passage through a magnetic field of high intensity (about 
100,000 gauss); similar measurements are in progress for the carbon monoxide- 
oxygen system, The effect of electric and magnetic fields on gaseous detona- 
tions is being investigated as part of an overall study of the detonation 
process, 


A study was completed on infrared radiation from the gaseous detonation 
products of cannon shots of permissible explosives undertaken in conjunction 
with other research on the ignition of firedamp by explosives. Radiation was 
appreciably higher for shots in methane-air atmospheres than for shots in air 
alone, even when ignition of the gallery did not occur, indicating that some 
reaction or combustion of the methane occurs with each shot but is too Limited 
to propagate throughout the gallery and produce a well-defined ignition, 


Evaluation of Explosives and Blasting Devices 


Eleven new or modified compositions tested under the provisions of 
Schedule 1G met all requirements for permissibility. Nine field samples of 
permissible explosives, examined for conformance with basic specifications, 
met the minimum safety requirements (table 2), Impact and friction tests were 


11/ For a brief general discussion of rocket fuels, see Damon, G. H., Rocket 


Fuels; ch, in Marks' Mechanical Engineers Handbook: McGraw-Hill Book 
Co., New York, N. Y., 6th ed,, 1958, pp. 7-48 to 7-51, 
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applied to evaluating the potential sensitivity of several industrial chemi- 
cals (table 3). 


The estimated consumption of permissible explosives by the coal-mining 
industry in 1959 showed relatively little change from 1958; however, the es- 
timated ratio of permissibles consumed to black powder was markedly higher 
(table 4), indicating a very encouraging reduction in use of black powder. 


TABLE 2. - Summary of results of field s lin 
permissible explosives 


Fiscal year 


1959 
Number of field samples collected... 8 9 
Met all tolerances,....ccccscccscces 4 7 
Failed gallery test... ...cccccccseccs 1 0 
Failed to propagate.....scsccsscsees 1 0 


TABLE 3. - Compounds tested during fiscal year 1959 


Pendulum| Impact test, 50 
Sample friction] percent ignition 
test probabilit 

3-nitro, 4-hydroxy phenylarsonic acid..........0.. 
4enitro-phenylarsonic acid......cccccccccsecrcveves 
acetyl N1-(4 nitrophenyl sulfanilamide)......... 
Sodium phenolsulfonate,......cccccvccesvccevcvscces 
N N1-bis-3- (nitrobenzene sulfonyl ethylenediamine) 
Ammonium phenolsulfonate,......ccccccrcccsccccccces 
3, 5-dinitrobenzoic acid... ...cccccccceccccsecceces 
3, -dinitrobenzamide,.....c.cccccccccvesscvscsceces 
PENILE rOanE LING o35 56h deiieieine 66-00 5 6ai ee ee eee 005-00 


No explosion, burning or crackling was observed under the most severe test 
conditions (steel shoe and steel anvil combination). 


TABLE 4, =~ Industrial consumption of explosives, January-~December 
1958-59, in million poundsl/ 


Coal mining Total 
1958 a 1958 1959 


>330 


Permissible explosives... .cscccccresccccccseces 
Other high exploSives,....ccccccsccsccccsccccscoece 
Blasting asenee 6666s 500-6 6neaweweiesenisacee se 
Unprocessed ammonium nitrate... ccccccccccccccs 
LLdGid: OXY BEN ss 6 6% asco es aielaens seed 6 senwartaees 
Black POWGOL 5 6 erases sie Wie a Reeie ew eee ea wee eeees 
Consumption ratio of permissible to black powder 


1/ Bureau of Mines Mineral Industry Surveys, Mineral Market Rept. MMS 2973, 
and monthly reports of Institute of Makers of Explosives, 

2/ Estimated, 

3/ Not available, 
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Experimental Coal Mine and Dust Explosions Research 


The program was originally directed towards the prevention of coal-dust 
fires and explosions in underground mines but now includes a wide variety of 
problems arising in industrial operations involving other flammable dusts _L2/ 


Research under the program is carried out through: 


1. Large-scale underground experiments in the Experimental coal mine 
under simulated operating conditions, 


2. Studies in galleries and chambers above ground where scaled experi- 
ments on initiation and propagation of dust fires and explosions are carried 
out; these studies serve as a basis for alleviating and preventing such fires 
and explosions in mines and other industrial installations, 


3. Laboratory studies, which include small-scale orientation experiments 
in preparing large-scale work in mines and galleries; fundamental research on 
properties and reactions of dust flames to provide basic information on com- 
bustion in dust clouds and layers; and determination of explosibility and 
flammability of individual dusts and powders by standard methods, 


Experimental Coal Mine 


The Bureau continued its research on the control of mine fires through 
high-expansion foams, a process first developed at the British Safety in Mines 
Research Establishment. Essentially, the procedure consists of spraying a 
water solution of a foaming agent (detergent) onto a net stretched across a 
mine entry through which ventilation air is flowing. The resulting bubbles 
form a plug of foam, which is transported by the ventilation current to the 
fire (18); this seems to provide a rapid and economical means of attacking 
mine fires at a distance, The main problems were to generate and maintain a 
foam plug that could be transported rapidly without excessive drainage of the 
contained water and to provide adequate airflows to move the plug. These 
problems were solved, and both coal and oil fires were attacked successfully 
(table 5). A portable foam-generating unit was developed, which consisted of 
a fan, a net, sprays, and metering equipment, Tests in multiple entries of a 
commercial mine showed that this unit can be used effectively by ordinary mine 
personnel, 


The Bureau also concluded an experimental investigation of the hazards of 
firedamp ignition by a cutoff charge ,13/ The investigation completes a long- 
term program on the safety of multiple short-delay blasting in coal mines, 
which is now being promoted by the Bureau (19). 


12/ Hartmann, I,, Dust Explosions; ch, in Marks' Mechanical Engineers Hand- 
book, 6th ed., McGraw-Hill Book Co., New York, N. Y¥., 1958, pp. 7-41 
to 7-48, 

13/ Charge accidentally exposed by a previous shot in multiple short-delay 
blasting, 


Google 


11 


TABLE 5. - Data on experimental coal fires 


Test INO 6oblaSuarwe ieee ai Wo ewe oer ere 9=— 102/ 113/ 14 


Type of fire... ..cccccccccccccces {FLoor= | Floor | Floor |Floor- | Floor-|Floor- 
rib- (oil) rib- rib- | rib- 
roof roof roof | roof 

3 


Coal in fire zone,.........pounds 
Burning time,........... minutes 
Foaming agent4/ occ cceccones 
Total foam solution,......gallons 
Length of foam plug.........feet 
Approximate moisture content of 

foam plug at fire...cc./cu, ft. 
Time of foam passage over 

FLTE. cc cccccececccccee minutes 
Control of fire... .cccccccccncs 
Maximum thermocouple temperature 

in fire zone: 
Before foam application...° F. 
After foam application ° F 

25-ft. floor fire 40 ft. upwind of etendara rib-roof-floor fire, 

15 gallons of oil in 45-sq.-ft. pan on floor, 

Floor fire 5 ft. wide and 100 ft. long. 

ALS-AAS indicates 83 percent ammonium lauryl sulfate and 17 percent alkyl 

aryl sulfonate; SLS indicates sodium lauryl sulfate, 
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An earlier study was resumed transporting coal and limestone float dusts 
by mine ventilating currents, In addition to general information on the move- 
ment of dusts in mine entries, research workers are seeking correlation be- 
tween dust collected on trays and dust deposited on mine rib and floor sur- 
faces, Analysis of the deposits on the trays could then provide information 
on the local dust-explosion hazards and show when rock dusting is required 
again, 


In another study associated with the problem of rock dusting in coal 
mines, wet=- and dry~applied asbestos dust and limestone dust were compared, 
Less coal float dust adhered to the dry-applied asbestos, which also was more 
easily dislodged by a low-velocity air jet. Wet-applied asbestos caked harder 
then wet-applied limestone, 


Continuing the long-standing program to inform the public of the impor- 
tance of safe mining practices, the Bureau held a Large-scale demonstration 
witnessed by some 400 people at the Experimental coal mine on June 6, 1959, 


Dust Explosion Galleries and Chambers 
Although much information is now available on the explosibility of coal 
dust in clouds and in layers and on that of firedamp atmospheres, very little 


is known of the explosibility of mixtures of coal dust and firedamp, Because 
such mixtures are frequently encountered in mines, the Bureau has begun an 
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investigation of the effect of small amounts of methane on the explosibility 
of coal dust-air mixtures and of small amounts of coal dust on the explosibil- 
ity of methane-air mixtures, 


An apparatus was designed and tested for determining the minimm dust- 
cloud concentration for ignition in atmospheres containing small amounts of 
methane, 


Researchers studied the effect of dust concentration on explosion pres- 
sures and rates of pressure rise using various vent openings; such information 
is of great importance in designing industrial installations subject to dust- 
explosion hazards, 


The Bureau investigated the spontaneous heating tendencies of dusts during 
storage, using the increase in temperature of air or oxygen passed through a 
coal-dust sample to evaluate the tendency of the sample to heat spontaneously; 
the surface area of the sample appears to be one of the factors promoting the 
tendency to self-heating. An investigation was begun to observe if and how 
aging affects the explosibility of coal dust stored for experimental purposes, 


The good reproducibility of results obtained in the galleries and those 
obtained in the laboratory was checked through a statistical analysis based on 
data from 10 repetitive trials. 


Dust Explosion Laboratories 


Work was concluded on the experimental ignition of firedamp by sparks 
such as are produced by friction of roof-bolt steel against mine rock; gas was 
ignited by friction of steel on rock and by rock on rock but could not be ig- 
nited by steel on steel under the conditions employed, 


Minimum electrical energies required to ignite clouds of coal dust were 
measured with standard electrostatic spark equipment and the Wimshurst elec- 
trostatic machine, The effect of the oxygen concentration of the atmosphere 
on the pressures and rates of pressure rise in coal-dust explosions was 
studied to establish a value applicable to most industrial installations. 


Explosion hazards of 50 mineral, agricultural, and industrial dusts were 
evaluated by standard procedures in the laboratory, Table 6 gives character- 
istics of some of the more typical samples, 


In fundamental studies of dust flames supported partly by the Office of 
Ordnance Research (Department of the Army), the burning times for single par- 
ticles of graphite, aluminum, and magnesium were measured as a function of the 
particle size, For particles of more than 20 microns, diffusion of oxygen to 
the solid surface was the controlling factor; for smaller particles, the chem- 
ical reaction rate was controlling showing that the rate-determining process 
undergoes a change, 
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Meetings and Conferences 


Besides conferences organized by sponsors and cooperative agencies in the 
interest of current activities, the Division participated in a number of inter- 
national and national meetings, International meetings included the Seventh 
International Symposium on Combustion, Oxford, Great Britain, at which four 
papers were presented (1 3 6 8); the 3lst Internationat Congress of Industrial 
Chemistry, Liege, Belgium, where one paper was presented (17), and a meeting 
of Directors of Safety in Mines Research, Verneuil, France, (October 1958) 
where results of six projects were reported (10 12 15 16 18 19), 


In the United States, work of the Division, particularly in the field of 
fuel-sensitized ammonium nitrate blasting agents, was presented at the Fourth 
Annual Symposium on Mining Research, Missouri School of Mines; the 1959 Annual 
Convention of the National Crushed Stone Association (14); the Third Symposium 
of Rock Mechanics; the 1959 Annual Convention of the National Fire Protection 
Association; the May 1959 meeting of the Executive Committee of the Cement, 
Quarry and Mineral Aggregates Section, National Safety Council. 


The Division was saddened by the death of 
Irving Hartmann, Chief, Branch of Dust 
Explosions, on February 1, 1959, 
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PART II - PUBLICATIONS 


Explosion, Flame and Combustion Research 


1. dZabetakis, M, G., Lambiris, S., and Scott, G. S., Flame Tempera- 
tures of Limit Mixtures, Seventh Symposium (International) on 
Combustion: Butterworths Sci, Pub., London, 1959, pp. 484-487, 


Most combustible-oxidant systems have two limits of flammability at any 
specified temperature and pressure. These limits are ordinarily defined so 
that all included mixture compositions are flammable, 


Researchers calculated flame temperatures by trial and error to obtain 
further information on the effect of temperature, pressure, and inert diluents 
on adiabatic-limit flame temperatures, The heat of combustion of each limit 
mixture was equated to the enthalpy change required to increase the tempera- 
ture of the combustion products to that of the flame, Because of the rela- 
tively low temperatures encountered, dissociation of the products was ne- 
glected, Experiments demonstrated that the adiabatic-limit flame temperature 
(T¢) is independent of the initial temperature over a rather wide temperature 
range. Since T¢ is essentially constant for a given combustible, the law of 
Burgess and Wheeler may be written as follows: 


L-C+H=k (1) 


where L is the lower limit composition, C is the heat of combustion of the 
combustible involved, and H is the heat energy added to the limit mixture to 
raise its temperature from the reference temperature (for example 27° C,) to 
the test temperature; k depends on the combustible and the direction of flame 
propagation, 


As the lower limit of flammability is decreased by an increase in pres- 
sure at a fixed initial temperature, the heat Liberated by the limit mixtures 
and the corresponding adiabatic flame temperatures also decrease, Flame tem- 
peratures of upper limit mixtures are approximately the same as those of the 
corresponding lower limit mixtures at atmospheric pressure; they appear to de- 
crease quite rapidly with pressure, and yield extremely low values at moderate 
pressures, 


Substituting an inert diluent for part or all of the nitrogen in the ‘air' 
comprising a limit mixture does not appear to affect the limit flame tempera- 
ture appreciably, unless the thermal conductivity, specific heat, and molecu- 
lar weight of the substituted diluent vary appreciably from those of nitrogen, 
Thus, adiabatic flame temperatures of limit mixtures appear to be relatively 
independent of initial mixture temperature for many combustibles; they are 
dependent on initial pressure, direction of flame propagation, and combustible 
and inert gas compositions, For any particular combustible-inert gas-air sys- 
tem, the limit flame temperatures decrease with increase in pressure; upper 
limit flame temperatures decrease more rapidly with increase in pressure than 
lower limit flame temperatures, 
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The effect of temperature on the lower limit can be determined by assunm- 
ing a constant flame temperature or by using a modified Burgess-Wheeler law. 
The effect of pressure cannot be assessed in the same manner, although some 
trends in the lower limits (fig. 1), minimum oxygen requirements, and limit 
flame temperatures have been noted, 


2. dZabetakis, M. G., Stahl, R. W., and Watson, H. A., Determining 
the Explosibility of Mine Atmospheres: Bureau of Mines 
Information Circ, 7901, 1959, 11 pp. 


Liberation of methane and formation of hydrogen and carbon monoxide in 
sealed areas of coal mines can create explosive atmospheres if enough oxygen 
is present to support combustion, However, the oxygen concentration may be 
reduced through combustion processes, and the concentration of inert gases may 
be increased enough to render the atmosphere nonexplosive, Before such a 
sealed area is opened, it is essential to know whether the flammable gases are 
present in concentrations that can form explosive mixtures when air is intro- 
duced, Various experimental methods are used to determine the explosibility 
of a particular mine atmosphere, but they are not generally well suited to 
field use, 


To meet this need, the Bureau has developed a simplified graphic method 
for determining the explosibility of a mine atmosphere under mine-fire condi- 
tions, if the composition of the atmosphere is known. An explosibility diagram 
(fig. 2) is used to determine whether a given mixture of gases (for example, 
methane, nitrogen, and air) is explosive (A), will become explosive when mixed 
with air (B), or is nonexplosive (C). As the concentrations of the gases in a 
sealed area may vary with time, the composition of the gas for a given situa- 
tion can be represented by the composition point calculated according to a 
procedure outlined, 
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FIGURE 1. - Adiabatic Flame Temperatures of Lower Limit Natural Gas-Air Mixtures 
as a Function of Pressure. 
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FIGURE 2. - Explosibility Diagram for Methane-Nitrogen-Air Mixtures at 80° F. 
and Atmospheric Pressure. 


When the atmosphere also contains hydrogen and carbon monoxide, the dia- 
gram must be expanded, because methane, hydrogen, and carbon monoxide do not 
have the same lower limits of flammability; appropriate conversion factors are 
used to give the same effective lower limits for each gas. Similarly, appro- 
priate conversion factors must be used to calculate the effective inert-gas 
concentrations for nitrogen and carbon dioxide, 
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A ratio scale is given for the rapid determination of the maximum allow- 
able oxygen concentration as a function of a methane~-to-total combustible 
ratio, 


3. Richmond, J. K., Grumer, J., and Burgess, D. S., Turbulent Flame 
Propagation by Large-Scale Wrinkling of a Laminar Flame Front: 
Seventh Symposium (International) on Combustion, Butterworths 
Sci, Publs., London, 1959, pp. 615-620. 


Work with bunsen-type flames affected by pipe-flow turbulence suggests 
that a useful distinction may be drawn between flames that ‘burn (1) in the 
turbulent core of the approach flow and (2) in the wake of the burner rim, in 
what is commonly known as the "mixing zone" (see fig. 3). In the turbulent 
core, the average gasflow velocities, the turbulent fluctuation velocities 
and, presumably, the scales of turbulence, are close to their values at the 
mouth of the burner; a flame at low Reynolds number lies almost entirely 
within this core. In the wake of the burner rim there are steep velocity 
gradients; the scale of turbulence in this wake zone is markedly larger than 
in the core, 


Flames within the central core are probably the flames of practical im- 
portance, However, there are unresolved controversies over their structures, 
which may depart from the traditional model of a wrinkled laminar flame front. 


For this reason, a study was made of flames in the wake zone where the 
"classical" model of a wrinkled laminar flame explains the salient features of 
structure and propagation rate, For flames burning in the turbulent core, this 
simple model may still give useful predictions, even ‘though the flame brush 
structure is much more complex, 


4. Grumer, J., Flashback and Blowoff Limits of Unpiloted Turbulent 
Flames: Jet Propulsion, November 1958, pp. 756-758. 


Flashback and blowoff limits of laminar flames have been explained pre- 
viously by a concept based on boundary velocity gradients, and it has been 
shown that the critical-boundary velocity gradient for blowoff can be the same 
for laminar and for unpiloted pipe-flow turbulent flames. On the other hand, 
flashback and blowoff gradients have been reported to be greater in turbulent 
than in laminar flow. An explanation of these differences could contribute 
to the understanding of turbulent combustion and to the design of industrial 
equipment and engines, 


In a preliminary study, the need for further information on stability 
limits of turbulent flames has been indicated, and new data have been 
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presented on laminar tilted-flame 
limits, as well as turbulent flash- 
back and blowoff limits; only un- 
piloted flames on unobstructed 
ports have been considered, 


A correlation was sought be- 
tween tilted flame gradients for 
flashback in laminar flow and tur- 
bulent flashback gradients, based 
on the assumption that turbulent 
flashback is produced by events in 
the laminar sublayer, This sub- 
layer is more likely to be signif- 
icant on ports of small diameter. 
Blowoff gradients of unpiloted 
pipe-flow turbulent flames have 
shown that stabilization of tur- 
bulent flames is not always in the 
laminar boundary sublayer, In un- 
published experiments at the Bureau 
of Mines, the volumetric flow at 
blowoff of pipe-flow turbulent un- 
piloted flames was raised consider- 
ably by adding a cold, short, 
slightly but sharply expanded cylin- 
drical section of tubing (a skirt 
stabilizer) atop a long pipe burner, 
These skirt stabilizers were oper- 
ated hot, water-cooled, and with 
inserts of varying geometry, In 
figure 4, on a 15=-cm, long water- 
cooled skirt, the flame base shows 
an interesting abrupt expansion at 
the exit of the skirt, which sug- 
gests that the cross-sectional area 
of the flame within the skirt is 
reduced by a boundary layer of 
burned gas along the wall. This 
inward thrust on the flame due to 
confinement of burned gas by the 
wall of the skirt may be important 
in achieving the great gain in 
flame stabilization that this 
geometry provides, 
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5. Grumer, J., and Harris, M. E., Smoke Limits of Bunsen Burner Ethyl- 
ene-Air Flames: Ind. Eng. Chem., vol. 51, April 1959, pp. 570-572. 


Carbon deposits from smoke in gas applicances and engines are a serious 
problem, and the smoke limit of the burner flame must be considered in design- 
ing gas-burning appliances, 
To obtain information on the 
mechanism of smoke production 
in flames and on the fuels 
and fuel-air ratios that can 
be used on gas appliances 
without evolving smoke, a 
study was made in which 
streams of ethylene and air 
were permitted to burn in 
free air, Hot gases leaving 
the flame were viewed under 
even illumination against a 
black background, Particu- 
late matter in the nonlumi- 
nous hot gas from the flame 
was made visible by the re- 
flection of a strong beam of 
light. The smoke limit de- 
termined in this way is de- 
fined as the point where 
smoke is first observed leav- 
ing the flame, and is ex- 
pressed in units of flow 
against fuel-air composition 
of the premixed stream, 


Researchers found that 
there are no smoke limits 
characteristic of the fuel 
gas and independent of the 


FIGURE 4. - Flame of Stoichiometric Natural Gas-Air Mix- burner diameter and fuel rate, 


es j No smoke limits leaner than 
ture Stabilized With a Water-Cooled Skirt. Hie conaGane: yellountip: limit 


for the particular fuel (characteristic of the fuel-oxidant system alone) were 
observed, 


Two types of smoke-limit flames were observed: Flames that are richer 
and primarily a function of flame rate (fig. 5A); and flames that are leaner 
and depend primarily on the fuel-air ratio (fig. 5B). The availability of un- 
limited ambient secondary air does not prevent escape of smoke from flames, 
Gases within smoking ethylene-air flames do not contain significant quantities 
of oxygenated and/or high molecular hydrocarbons, 


21 


4 


A B C 
Fraction of 9.96 2 AA 5.52 
stoichiometric 
Flow, cm. / sec. 1.4 71.8 12.7 


FIGURE 5. - Smoking Flames of Ethylene-Air (Tube Diameter 2.47 cm.). 


6. Singer, J. M., and Grumer, J., Carbon Formation in Very Rich 
Hydrocarbon-Air Flames, I, Studies of Chemical Content, 
Temperature, Ionization and Particulate Matter: Seventh 

Symposium (International) on Combustion, Butterworths 
Sci, Publs., London, 1959, pp. 559-569 


Flat and conical flames of very rich propane-air and ethylene-air mix- 
tures were examined in the region from the initial blue zone up to late in the 
yellow zone, Analysis of the flame gases showed that the main reaction prod- 
ucts were carbon monoxide, carbon dioxide, hydrogen, and water. No compound 
heavier than toluene was observed, even in concentrated samples, The small 
quantities of low-molecular-weight aromatics and unsaturated hydrocarbons and 
their absence in the smokier region of the flame indicate that carbon is not 
formed mainly by polymerization, Carbon may form directly by splitting of C-C 
and C-H bonds, The C0O9/CO ratios were approximately five times larger in dif- 
fusion flames than in premixed flames, Rich propane-air and ethylene-air 
flames were not in thermochemical equilibrium, 
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Temperature profiles based on thermocouple measurements through a rich 
flat flame were higher than theoretical in the vicinity of the initial blue 
zone and lower in most of the yellow zone, 


The ionization maximum in flat flames occurred a short distance beyond 
the start of the yellow flame zone at a position where temperatures were fall- 
ing, suggesting that carbon nuclei or possible carbon precursors were ionizing, 
Electron micrographs showed that particulates within these flames differ in 
physical appearance, The carbon particles were granular-spherical for the 
ethylene-air flames (fig. 6) and filamentary to granular-spherical for the 
propane-air flames (fig. 7). 


a “~ a 


FIGURE 6. - Electron Photomicrograph Showing Granular-Spherical Carbon Particles 
From the Yellow Zone of a 16.8 Percent Ethylene-Air Flame. 


Digitized by Gor gle THE OH lean VERSITY 


- j 


23 


FIGURE 7. - Electron Photomicrograph Showing Carbon Filaments From the Yellow 
Zone of 7.8 Percent Propane-Air Flame. 


7. Wolfhard, H. G., The Ignition of Combustible Mixtures by Hot 
Gases: Jet Propulsion, vol. 28, December 1958, pp. 798-804, 


Igniting combustible mixtures by hot burned gases from flames is impor= 
tant in many applications such as ramjets, burners, and rocket-combustion 
chambers, Following an investigation, which showed that igniting methane- 
nitric oxide mixtures by pilot flames depends on the size and temperature of 
the flame, researchers attempted to extend this experimental procedure to hy- 
drocarbon-air mixtures, However, minimum ignition conditions could not be 
established in this way for these mixtures, Accordingly, the investigator 
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developed a procedure in which a gas such as nitrogen or air was heated in a 
furnace and injected continuously as a jet (4 mm, diameter) into a cold com- 
bustible mixture at a flow of 35 cc./sec, Luminous reactions were observed 
within the jet and, under favorable conditions, ignition of the cold outer 
mixture occurred at the end of the luminous jet at distances up to 30 cm, from 
the furnace, Ignition temperatures were measured for two conditions: (a) Ig- 
nition by a diffusion flame formed when hot air flows into pure cold fuel, and 
(b) ignition of an explosive fuel-air mixture by hot nitrogen, Ignition tem- 
peratures are lower for (a), where only the fuel mst diffuse into the jet, 
than for (b), where both fuel and air mst diffuse into a hot region to start 
a reaction. 


The author notes that the "hot-gas ignition temperatures" do not corre-~ 
late with other flame characteristics, especially with the "spontaneous igni- 
tion temperatures" measured in furnaces, 


8, Wolfhard, H. G., and Vanpee, M., Ignition of Fuel-Air Mixtures by 
Hot Gases and Its Relationship to Firedamp Explosions: Seventh 
Symposium (International) on Combustion, Butterworths Sci, 
Publs., London, 1959, pp. 446-453. 


Detonation of an explosive in a shothole produces a shock wave which is-~ 
sues from the hole and possibly contributes to the ignition of the firedamp 
atmosphere into which it emerges, This is followed by a jet of hot gases, 
which is the most probable ignition source, 


To study the mechanism of this ignition the researchers extended the in- 
vestigation of the action of hot-gas jets (7) under conditions designed to re- 
produce ignition of firedamp by hot spent detonation gas on a smaller scale, 
Factors that were considered included composition and oxygen index of the 
firedamp atmosphere, effect of turbulence of the jet, and composition of the 
detonation gases to simulate conditions with under- or over-oxidized 
explosives, 


Turbulence of the jet reduced the igntion temperature, The presence of 
9-percent ethane in methane (the approximate composition of firedamp) reduced 
the ignition temperature about 30° C, The role of the oxygen index was some- 
what ambiguous, The most significant observation was that the concept of a 
"most ignitible mixture" is useful only if the hot jet is inert, Lf oxygen is 
present in the jet, the most ignitible mixture may be close to the rich limit, 
Small amounts of hydrogen and/or carbon monoxide in the detonation products 
can reduce the ignition temperature as much as 500° C. Thus, explosives that 
liberate small amounts of hydrogen and carbon monoxide may offer an increased 
hazard, Further experiments with short bursts of hot gas into explosive 
mixtures are in progress, 


9, Vanpee, M., and Wolfhard, H. G., Comparison Between Hot-Gas Ignition 
and Limit Flame Temperatures: ARS Journal, July 1959, pp. 517-519, 


Previous investigation (7) had shown that the ignition temperatures of a 


variety of fuels ignited by continuous jets of hot inert gas follow an order 
that is very different from that observed for spontaneous ignition or spark 
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ignition, On the other hand, hot-gas ignition temperatures are close to flame 
temperatures for limit mixtures, suggesting that the reactions governing limit 
flames are similar to those leading to hot-gas ignition. If this is true, the 
temperatures should be of the same order in both instances, 


To verify this, researchers compared hot-gas ignition temperatures with 
limiting flame temperatures, determined by producing a diffusion flame in an 
initially stoichiometric fuel-air mixture, which was progressively diluted 
with nitrogen, The nitrogen concentration required to quench the flame was 
noted, and the limiting flame temperature was calculated, assuming stoichmet- 
ric combustion. With a few exceptions, a correlation was found between hot- 
gas ignition temperatures and limit flame temperatures, 


The effect of characteristic flame inhibitors (such as bromine, chlorine, 
and methyl bromide) was investigated, and this corroborated the conclusion. 


10, Wolfhard, H. G., and Bruszak, A, E., Communication of Flame 
Through Cylindrical Channels: Bureau of Mines Rept. of 
Investigations 5457, 1959, 22 pp. 


The propagation of flames through cylindrical or annular channels has 
practical importance in flameproofing electrical equipment and for flame 
traps. As such, it has been the subject of much practical work, but under- 
standing of the process of flame stoppage is less advanced, Moreover, recent 
investigations at the Bureau of Mines (8) have shown that gases are readily 
ignited by jets of hot inert gas, This suggested the possibility that hot gas 
pushed through a channel and issuing into an explosive mixture could become 
an ignition source, even if the flame had been quenched. 


Accordingly, the propagation of explosions through short cylindrical 
channels was investigated, using an apparatus in which a single cylindrical 
channel formed a connection between a small chamber in which an explosion was 
initiated and a larger chamber filled with suitable gas mixtures, Researchers 
found that transmission of flame through the channel was not essential to in- 
duce an explosion in the larger vessels, Schlieren photographs of flames of 
hot-burned gases emerging from the channel into the explosion chamber showed 
that vortexes of hot gas ejected from the jet into the cold explosive mixture 
are responsible for ignition (fig. 8). 


11. Wolfhard, H. G., and Bruszak, A. E., Suppression and Transmission 
of Explosions by Cylindrical Chammels: Bureau of Mines 
Rept. of Investigations 5495, 1959, 18 pp. 


An earlier investigation (10) showed that although flames do not propa- 
gate through narrow passages (< 3 mm,), hot gases can travel through such pas- 
Sages to ignite the atmosphere into which they emerge. To support and com- 
plete these findings, researchers made systematic measurements to determine 
the effect of channel geometry and of the properties of the gas mixtures, The 
influence of quenching diameter and flame temperature was also considered, 
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2.50 msec. 3.00 3.50 


FIGURE 8. - Ignition of a Stoichiometric Ethane-Air Mixture by the Products of a 
Stoichiometric H2-09-N9 Explosion Released Through a Narrow 
Channel (Diameter 2 mm., Length 50 mm.). 


Ignition was shown to originate in eddies that form in the outer boundary 
of the jet. This demonstrates that the ignition process is influenced not 
only by the nature and temperature of the hot gases issuing from the channel 
but also by the properties of the cold outer gases, The aerodynamic proper- 
ties of the jet are the important parameters determining ignition, They, in 
turn, are influenced by the length and width of the channel. 


12. Litchfield, E. L., and Blanc, M. V., Recent Developments in 


Spark Ignition: Bureau of Mines Rept. of 
Investigations 5461, 1959, 9 pp. 


Against the background of extensive information on the spark ignition of 
combustible gas mixtures resulting from the Bureau's long term investigation 
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of the problem, a study was made of the gap saerey for ignition in a cir- 


cuit containing dissipative elements. 


Factors considered were (1) the energy stored on the condenser, (2) the 
energy that may be dissipated in any resistance in the external circuit, (3) 
possible electromagnetic radiation from the circuit elements; and to a lesser 
degree (4) effects such as voltage, phase angle, and discharge time, 


The resulting information indicates that the minimum gap energy is essen- 
tially the minimum stored ignition energy as measured in the absence of dissi- 
pative elements in the external circuit; in other words, there is no indication 
that the presence of series resistance reduces ignition energy requirements 
Significantly if electromagnetic radiation is neglected, 


13. Lipman, K., and Guest, P. G., Measurement of Electrical Wave 
Forms of Low-Energy Spark Discharges: Bureau of Mines 
Rept. of Investigations 5460, 1959, 12 pp. 


To implement the study of the ignition of explosive gas mixtures by low- 
energy capacitance sparks of very short duration (1 mu sec. to lp sec.), in- 
vestigators assembled auxiliary equipment around a commercial dual-channel 
oscillograph. The completed setup is described, and performance characteris- 
tics are given, The equipment permits observation of current and voltage 
transients in sparks capable of igniting gas mixtures, Its resolution time is 
about 2 mu sec,; the instantaneous amplitude of the wave forms can be used to 
within 4 percent of maximum deflection, Oscillographic measurements of the 
total energy dissipated during a spark discharge correspond within about 10 
percent to the known initial stored energy, for energies of the order of l mj. 
or more, 


Explosives Research and Testing 


14, Van Dolah, R. W., Some Considerations for the Safe Handling of 
Ammonium Nitrate Explosives, Discussion of Operating 
Problems: Proceedings, 42d Ann.Convention, National 
Crushed Stone Association, 1959, pp. 27-40. 


Aware of the rapid advances of field-mixed do-it-yourself explosives, 
based on fuel-sensitized fertilizer-grade ammonium nitrate, the Bureau has 
undertaken a study of the safety characteristics of these explosives, 


In summing up the present status of this investigation, three problem 
areas are stressed: 


1. Ammonium nitrate-oil mixtures should be treated as true explosives 
that can detonate accidentally, even though they may be relatively insensitive 
in most forms, 


14/ The minimum energy required for ignition with a spark gap under fixed 
conditions of geometry and stoichiometry, 
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2. Fire can be a serious problem, Fire in ordinary raw ammonium nitrate 
can be fought quite successfully with copious amounts of water, whereas other 
extinguishing agents are not effective. However, there is some question as to 
the advisability of attacking established ammonium nitrate-oil fires, except 
by remote means, 


3. Fumes from blasting may present a serious hazard, especially in un- 
derground operations, 


15. Grant, R. L., Mason, C, M., Damon, G. H., and Van Dolah, R. W., 
Influence of Borehole Freespace on Ignition of Firedamp 
by Explosives: Bureau of Mines Rept. of 
Investigations 5486, 1959, 20 pp. 


The relation between the borehole freespace and the probability on fire- 
damp being ignited by a borehole shot has been studied by Audibert, Denues, 
Greenwald, Grant, and others, To obtain more quantitative information of this 
relationship, the Bureau began an investigation in which 700 shots of a typi- 
cal permissible explosive were fired from a 3/4-inch steel cannon with several 
freespace conditions (fig. 9). The effect of a second variable (the charge 
weight) was also considered, 
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FIGURE 9. - Cross-Section View of Steel Cannon and Explosive Charge. 
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Two basic procedures were used, In the first, the charge weight was 
varied according to the Bruceton up-and-down method to determine the Wsg value 
(weight of explosive giving a 50-percent ignition probability under the experi- 
mental conditions). In the second procedure, the charge weight was maintained 
at this Wsgo value and the freespace was varied from 0 to 6 inches (fig. 10). 


Statistical treatment of the resulting data by analysis of variance 
showed that the freespace means were different; this conclusion is not im- 
paired by possible differences in the explosive used. For the given experi- 
mental configuration, the incendivity increased with increasing freespace up 
to a maximm; beyond this maximm, there was indication of decreasing 
incendivity. 


16, Hanna, N. E., Damon, G. H., and Van Dolah, R. W., Probability 
Studies on the Incendivity of Permissible Explosives, Effect 
of Small Percentages of Sodium Chloride: Bureau of Mines 
Rept. of Investigations 5463, 1959, 22 pp. 


Although the records show that permissible explosives have not caused a 
single explosion disaster when used in prescribed ways, some ignitions occur 
annually owing to improper usage, Moreover, recent developments ("stump" 

, blasting, multiple short-delay blasting) 
a Freespace 
in coal-mining methods in the United 


een IM Oo" States have created a need for explosives 


that are even less incendive than the ex- 


gi gy 
. , isting formulations, To meet these new 
(Zo 
fem 4 as ; conditions, a program of research was 
a initiated, designed to give a better un- 
: . derstanding of the relative incendivity 
[ZL / 
ee F of explosives and of the basic variables 
) 6f that affect this incendivity in firedamp 


—yyyyse ee so or firedamp-dust atmospheres, 
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FIGURE 10. - Arrangement of Boreholes 
Showing Eight Experimen- A study of the results increased 
tal Free Space Conditions. confidence that the up-and-down technique 
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is capable of distinguishing differences in incendivity (under gallery test 
conditions), not only for different explosive compositions, but for lots of 
the same explosive, The experimental data also show that addition of small 
quantities of sodium chloride tends to reduce the incendivity of the explosive 
to firedamp, although it cannot insure reduced incendivity, as chemical compo- 
sition alone does not define the incendive character of an explosive, The in- 
vestigation must be extended to a number of other factors that may affect the 
safety of permissible explosives, 


17. Van Dolah, R. W., Herickes, J. A., Ribovich, J., and Damon, G. H., 
Shock Sensitivity Studies of Nitromethane Systems: Compt. rend. 
31, Cong. Internat. chim, ind., Liege, vol. 2, 
September 1958, pp. 210-215, 


Applying nitromethane as a solvent in the synthetic-fiber and petroleum- 
refining industries depends upon the sensitivity characteristics of the sys- 
tems formed when process materials are dissolved in this compound. In the 
course of an extensive study of the sensitivity of nitromethane, the Bureau 
developed a modification of the card=-gap test, which,with the experimental 
Bruceton up-and-down method, gives dependable and very reproducible results. 
Liquid systems that yield negative results at zero card gap but still show 
considerable release of energy were subjected to a more rigorous confinement 
test which gave semiquantitative data (fig. 11). 


A systematic study of the action of various sensitizers and desensitizers 
showed that bases are strong sensitizers; acids and a wide variety of other 
compounds are mild to weak sensitizers or desensitizers, with evidence of com- 
peting effects. Temperature has a marked influence on the sensitivity level; 
higher temperatures increase sensitivity, 


Experimental Coal Mine and Dust Explosions Research 


18, Hartmann, I., Nagy, J., Barnes, R. W., and Murphy, E. M., With 
High-Expansion Foams for Controlling Experimental Coal 
Mine Fires; A Progress Report: Bureau of Mines 
Rept. of Investigations 5419, 1958, 18 pp. 


In 1956 the British Safety in Mines Research Establishment issued a re- 
port describing the initial phases of research for the remote control of tim- 
ber fires with high-expansion foam plugs in a rock tunnel, As the method 
promised to be useful in controlling coal-mine fires that cannot be attacked 
by standard fire-fighting measures and frequently require extensive sealing, 
an investigation was begun in 1957 by the Bureau of Mines to study the appli- 
cability of the method under American mining conditions (room-and-pillar ex- 
traction, multiple entries), 


Preliminary laboratory studies with some 35 foaming agents and 20 stabi- 
lizers or additives showed that there are wide variations in the rate of 
liquid loss and in the stability of foams produced by various agents, Large- 
scale studies were made at the Experimental coal mine, using two basically 
different types of detergents as active ingredients: Alkyl aryl sulfonates 
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FIGURE 11. - Damage to Steel Tubes in Shock-Sensitivity Tests of Various 
Nitromethane-Benzene Mixtures at 25°C. 
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and lauryl sulfates, More than 70 transport experiments were made in the Ex- 
perimental coal mine to study the variables governing the formation and move- 
ment of foam plugs through mine entries and to find or develop foams that can 
be transported at a low water gage over long distances and still retain enough 
moisture to control fires, 


The foam is formed by spraying a water solution of foaming agent on a net 
stretched across the mine entry (fig. 12). As the solution penetrates the 
net, air-filled bubbles are produced quickly filling the cross section of the 
entry and creating a light-weight foam plug, which is moved toward the fire by 
the ventilating current (fig. 13). 


In the transport experiments, the structure and stability of the foam, 
liquid loss at the net, liquid drainage during transport, and final liquid 
content varied appreciably, depending upon the foaming agent. Investigation 
showed that the foam can turn sharp corners and move over obstructions, The 
expansion ratio of the foam is about 500:1 to 1,000:1 as compared with about 
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FIGURE 12. - Spraying Foam Solution on Cotton Net Stretched Across Mine Entry. 
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FIGURE 13. - High-Expansion Foam Plug Traveling Through a Mine Entry. 


10:1 for ordinary fire-fighting foam, The length of foam plug that can be 
formed depends primarily on the available air pressure, the physical charac- 
teristics of the road surface, and various properties of the foam, As the 
plug moves forward, its rate of advance decreases, 


Nine fire experiments were performed in the Experimental coal mine (fig. 
14). For effective control of a floor-rib-roof coal fire, the estimated water 
content of the foam transported through the fire zone was about 100 to 150 
gallons, In an earlier investigation, 450 gallons of water applied as a spray 
from a l-inch nozzle were required to quench a similar fire, 


Thus, by selecting a suitable foaming agent and by proper control of the 
air pressure and the initial air speed at the net, relatively long foam plugs 
may be generated, with a wide range of moisture contents. Although transport- 
ing foam over a rapidly advancing, deep-seated fire is not likely to quench it 
completely, the procedure may suppress flaming combustion, thus enabling fire- 
fighters to approach the fire near enough to complete quenching by applying 
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large volumes of water or other standard measures, When the air pressure 
available at the foam-generating net is limited and not quite adequate to 
drive the plug to the fire, it may be possible to augment the pressure by in- 
stalling an auxiliary blower in the mine entry or by advancing the net toward 
the fire in several steps, The practicability of the latter method is being 
investigated, as are many other phases of the problem, 


19, Nagy, J., Hartmann, I., and Van Dolah, R. W., Special Precautions 
for Multiple Short-Delay Blasting in Coal Mines: Bureau of 
Mines Information Circ, 7895, 1959, 8 pp. 


In 1949, research at the Experimental coal mine established that the gas- 
ignition hazard of permissible explosives fired at short-delay (millisecond) 
intervals is low and of about the same order as equivalent single-shot blast- 
ing. The hazard is less than with simultaneous initiation of the charges, 
Moreover, other things being equal, short-delay blasting reduces exposure of 
the shotfirer to dust, fumes, and weakened roof as compared with equivalent 
single-shot blasting. Compared with equivalent simultaneous blasting, it re- 
duces roof disturbances, Nevertheless, recommendations for short-delay blast- 
ing were delayed by the Bureau pending consideration of the potential hazards 
of misfires and cutoff charges (charges exposed through dislodgment of the 
burden by a previous shot). 


The problem of misfires was met by a testing schedule for a permissible 
blasting unit, which provides adequate current for initiating 20 short-delay 
detonators wired in series,12/ The present Information Circular on multiple 
blasting with millisecond-delay detonators, prepared for the guidance of 
safety engineers, shotfirers, and mine inspectors lists the precautions to be 
followed to minimize cutoffs, misfires, and other potential hazards of multi- 
ple shooting. 


15/ Bureau of Mines Schedule 16D, Multiple Shot Blasting Units: Federal 
Register, September 1958, vol, 23, No, 190, pp. 7533-7534, 
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